Objectives: To estimate the energy cost of resting (RMR), sitting and standing for urban Indian adults and compare these estimates with the reported values. Design: Energy costs were measured using oxylog while body fat was estimated using equipment (HBF300, OMRON Corporation, Japan) that works on the principle of bioelectrical impedance, for 24 men and 40 women, aged 20 ± 50 y, engaged in sedentary activities. Settings: Agharkar Research Institute, Pune, India. Results: Mean energy cost (kJamin) of resting (RMR), sitting and standing were signi®cantly (P`0.01, for all) higher for men (4.01 AE 0.42, 5.0 AE 0.72 and 5.74 AE 0.69, respectively) than women (3.54 AE 0.28, 4.03AE 0.41 and 4.35 AE 0.52, respectively). Gender difference increased with the level of activity, from 13% for RMR to 32% for standing. These differences reduced when adjusted (using analysis of covariance) for body weight and became non-signi®cant on adjusting for fat-free mass (FFM) in the case of RMR and sitting activity. The measured values of energy cost (absolute and per kg weight) for these activities were similar to African subjects but lower compared to Asian or European subjects for both sexes. The stepwise regression analysis done separately by sexes showed weight (29%) in men and body mass index (44%) in women to be the best predictors of RMR, while regression analysis for combined sexes indicated FFM and height as predictors of RMR (r 2 56%, P`0.01). If means to estimate body fat were not available, RMR could best be predicted with BMI and sex as predictors (r 2 55%; P`0.01). This was mainly due to the fact that the sex differences in our population were more prominent in FFM than that in BMI. Our observations thus indicate the need to develop prediction equations separately for different populations owing to differences in their body compositions, especially in fat mass (FM) or FFM. Conclusion: The energy costs of activities were associated with body composition, especially with absolute fatfree mass, which may vary even with the same body fat percentage. Therefore, there is a need to develop separate prediction equations for different communities. Sponsorship:
Introduction
Conventionally, basal metabolic rate (BMR) is estimated using the prediction equations proposed by FAOa WHOaUNU (1985) . These estimates are further used for estimating energy costs of various activities. Studies reported in the last decade have shown disagreement between measured and predicted BMR which ranged from 2% to 20% for some population groups (McNeil et al, 1987; Soares & Shetty, 1988; Henry & Rees, 1988 , 1991 Valencia et al, 1993; Piers & Shetty, 1993; Hayter & Henry, 1994; Piers et al, 1997; Soares et al, 1998) . Since BMR measurement demands ideal post-absorptive conditions that are often dif®cult to meet, the appropriateness of resting metabolic rate (RMR) has been considered recently. Studies reporting RMR and equations for prediction of RMR have been proposed by various researchers (Mif¯in et al, 1990; Owen et al, 1986 Owen et al, , 1987 Cunningham, 1991) .
There are almost no studies reporting RMR for Indian adults, although few have attempted measurements of RMR on Indian college students (Bhattacharya & Banarjee, 1963; Banarjee et al, 1961; Chiplonkar et al, 1992) . Although measurement of BMR and its prediction equation was attempted for Indian adults (Soares et al, 1993; Piers & Shetty, 1993) , data measured on energy costs for other activities are scanty. The energy expenditure, besides RMR, in sitting and standing activities is known to contribute signi®cantly to daily energy expenditure among urban sedentary adults (Bernstein et al, 1998) . For example, Barnes et al (1991) have reported that 57% of the day is spent in activities involving standing postures while 24% is spent in activities involving sitting. We therefore set out to study measurement of RMR as well as the energy cost of these two standard activities for urban men and women from Pune city and compare them with other reported values. An attempt is also made to develop the prediction equation for RMR based on the data collected in this study.
Subjects
Subjects (24 men and 40 women) for this study were the members of staff and students from Agharkar Research Institute Pune, who gave written consent to participate in the study. They belonged to the age group 20 ± 50 y. All the subjects were healthy, non-smokers and no individual was suffering from any type of metabolic disorder or taking any medication during the course of study. All subjects belonged to the category of sedentary activity as de®ned by WHO (1973) , since all staff members were involved in desk work.
Methods

Anthropometry
Body weight was measured using an electronic weighing balance (ATCO, India) with accuracy of 20 g wearing of®ce clothes without shoes. They were asked to remove additional garments like sweaters, shawl etc. Height was measured barefoot with folding stadiometer (UNA, India) and recorded to the nearest 1 mm. Triceps skinfold thickness was measured using Langes calliper to the nearest 1 mm on the left arm over the mid-point of the muscle, midway between olecranon and the tip of the acromion with the upper arm lying vertically. An inter-observer study was done before the start of project and it was found that between and within variations were negligible (CV`1%) in the case of weight and height. However, in case of triceps skinfold thickness it was up to 4%. The investigator was kept constant in recording speci®c measurements throughout the study to keep personal errors to a minimum.
Body fat
Initially it was planned to estimate body fat using equations given by Durnin & Womersley (1974) and Siri (1956) . However, subsequently equipment for body fat assessment was acquired (HBF300, OMRON Corporation, Japan) at a later stage of the project. The equipment works on the principle of bioelectrical impedance. Additional data was therefore collected (78 men and 42 women) on body fat and anthropometry to compare the estimates obtained from this equipment with that from Durnin's equation. The estimates of body fat obtained using Durnin's equation were signi®-cantly (P`0.01) lower (25.1 AE 5.3 vs 22.2 AE 6.2 in men, 32.3 AE 4.9 vs 28.4 AE 5.4 in women), indicating that Durnin's equation may not be appropriate for Indian populations.
The above data was therefore used to develop equations for men (percentage body fat 53.91 0.1089 age (y) 0.3668 weight (kg) 7 0.3857 height (cm) 3.1594 log(triceps skinfold (mm)); r 2 65.3%; P`0.01) and women (percentage fat 37.61 0.1482 age (y) 0.5591 weight (kg) 7 0.2702 height (cm); r 2 81.7%; P`0.01) based on weight, height, age and skinfold at triceps for subjects in this study.
Measurement of energy costs
Energy costs were measured by indirect calorimetry using oxylog (Morgan, UK). Oxylog was calibrated before taking measurements, using oxygen-free nitrogen. The equipment had an inbuilt facility for adjusting barometric pressure at 760 mm. The least count of the equipment is 0.1 litre of O 2 . Each subject was familiarised with the procedures and equipment used in the measurements before the start of the study. Volunteers had dinner before 9 pm on the previous day of the measurement in order to fast for at least 12 h. They were also instructed to avoid heavy activities other than routine work on the prior day and to have a minimum of 8 h sleep at night. On the day of the measurement subjects were called at 9 pm and were asked to lay down quietly in a supine position for 30 min with eyes closed to ensure a resting state. Average room temperature was 22.1 AE 1.25 C (range 19 ± 25 C) and the room was dimly lit and noise was kept to a minimum throughout RMR measurement. The comfort of the subject was ensured.
After resting for 30 min a face mask was put on and actual measurement for oxygen consumption was started only after the subject felt comfortable with the face mask. This often took 1 or 2 min after which the measurement was recorded for 6 min. Duplicate readings were taken after a gap of 10 min. Similarly, oxygen consumption was measured in sitting and standing positions for each subject. The variability in duplicate readings was in the range of 4% (for standing) to 8% (for RMR). Energy cost was calculated as total kJamin and was also expressed as kJakg body weightah to facilitate the comparison with reported studies. The study was approved by the Research Advisory Committee of Agharkar Research Institute.
Statistical methods
The data are expressed as mean ( AE s.d.) unless otherwise indicated. The t-test was used for comparing the difference between measured and reported energy costs for different activities. Differences between sexes in energy costs for different activities after adjusting for body weight or FFM were tested using analysis of covariance (Poehlman & Toth, 1995) . Association between the energy cost of activities and anthropometric measurements was examined by correlation analysis. Stepwise multiple regression analysis was done to obtain prediction equations for RMR based on various anthropometric measurements. Analysis was performed using SPSSaPC version 4.0.
Results
The physical characteristics of the subjects are summarised in Table 1 . Subjects were neither lean nor obese as mean BMI was in the normal range (20 ± 25 kgam 2 ). Although women were shorter and lighter as compared to men, they had signi®cantly higher (P`0.01) skinfold thickness at triceps, re¯ecting the higher body fat stores. The estimated percentage body fat was signi®cantly (P`0.01) higher in the case of women (30.5 AE 4.1) than in men (20.8 AE 5.4). Consequently, the fat-free mass in the case of women was signi®cantly (P`0.01) lower than that for men.
Mean observed energy cost of standard activities (ie resting (RMR), sitting and standing) for men and women are shown in Figure 1 . It can be observed that energy costs for standing are higher than those for sitting (by 14.8% in men and 7.9% in women respectively) which in turn are higher than RMR both in case of men (by 24.7%) and women (by 13.8%). Similarly, mean observed energy costs for men were signi®cantly (P`0.01) higher for all the activities than those for women. This gender difference was observed to increase with the level of activity, 13% for resting, 24% for sitting and 32% for standing.
The mean energy costs of resting, sitting and standing after adjusting for body weight and FFM using analysis of covariance (ANCOVA) are given in Table 2 . It can be observed that, in men, the energy costs of all the three activities after adjustment for body weight were smaller than absolute values and reduced further when adjusted for FFM. In contrast, in women, the values increased after adjustment for weight and increased further when adjustment was done for FFM. Nevertheless, the gender differences in energy costs persisted after adjustment for weight, but reduced and actually became insigni®cant for RMR and sitting when adjusted for FFM. This points towards the importance of the body composition while comparing the sex differences in energy costs.
Association of energy costs with body measurements was examined with simple correlations (Table 3) . Correlations were higher for standing activity among men while this was true for sitting activity in women. Among various anthropometric measurements, the correlations of energy costs were higher with weight, BMI and FM in both sexes. However, stepwise regression analysis con®rmed weight (r 2 28.7, P`0.01) and BMI (r 2 44.4, P`0.01) as the best predictors of RMR (in case of men and women respectively), followed by fat mass both for men (r 2 24.7, P`0.01) and women (r 2 38.4, P`0.01). It thus shows that energy costs of activities may be more affected by body composition than body weight.
The energy cost of standard activities are compared with the values reported in other studies in Table 4 . In general, the absolute values for energy costs of these activities were lower than those reported by other studies, both for men and women. Energy costs for women, when expressed per kilogram of body weight remained signi®cantly lower (P`0.01) when compared with all the three populations, viz. African, Iranian and Scottish women. In men, RMR Figure 1 Energy costs of resting, sitting and standing for men (n 24) and women (n 40). (Geissler et al, 1985) and were also close to the values for Asian men for sitting and standing (kcalakgah). However, the energy costs were signi®cantly higher for resting (P`0.01) and sitting (P`0.01) in European men as compared to those in the present study. Using the data on energy costs of the activities collected in this study we developed the equations to predict RMR among urban Indian population engaged in sedentary activity. Our values of r 2 are modest (Table 5 ) in comparison to those reported for other populations. However, the prediction equation (using stepwise forward regression) for pooled sexes, on addition of the independent variable sex (male 1, female 0) with BMI increased r 2 (from 44% to 55%), and height with FFM also increased r 2 (from 49% to 56%). This is perhaps due to the fact that sex differences in body composition are prominent in our population. (Dauncy & Bingham, 1983; Soares et al, 1989) . Measurements obtained in this study using oxylog are therefore good enough to examine the objectives of the study. Secondly, although energy cost is known to be agedependent, our study covered only a narrow age range.
We observed that the energy cost of RMR and two standard activities, ie sitting and standing, were signi®-cantly higher among men than in women. In fact, the sex difference increased with the level of activity. Thus RMR for men was higher than that for women by only 13%, whereas energy costs for sitting and standing were observed to be higher by 24 and 32% respectively. Gender differences were reduced to 7% for RMR, 15% for sitting and 22% for standing when adjusted for body weight, and became insigni®cant for RMR and sitting after adjusting for FFM. Although gender differences in RMR or other energy costs have rarely been commented on (Arciero et al, 1993) , they appear to arise due to the differences in the body composition in our population, especially the larger FFM in case of men than women.
The increments in energy cost for sitting and standing with respect to RMR for our subjects were 25 and 43% in men and 14 and 23% in women respectively. These were higher than those reported for African, Asian and Iranian subjects. The disparity appears to originate from the lower values for RMR in Indian subjects.
The stepwise regression analysis done separately for sexes showed that maximum r 2 for prediction of RMR was achieved for weight (29%) in men and for BMI (44%) in women. Stepwise (forward) regression analysis for combined sexes indicated FFM along with height as best predictors of RMR (r 2 56%, P`0.01) since FFM showed the maximum correlation in pooled data (Table 3) . These results are similar to those of earlier reports (Mif¯in et al, 1990) , which suggested fat-free mass as the best predictor. However, backward regression analysis indicated BMI and sex as predictors of RMR, with similar r 2 (55%; P`0.01) as above, indicating that, if estimation of body fat is not possible, RMR can best be predicted with BMI and sex as predictors. This was mainly due to the fact that the sex differences in our population were prominent in FFM than in BMI.
The observed absolute values of energy costs for our subjects were indeed lower when compared with reported values. Percentage body fat values for the subjects in the present study were of the same order (20% in men and 30% in women) as those for Western subjects (Piers et al, 1997; Mif¯in et al, 1990; Voorrips, 1993) , but weights being on the low side, absolute fat-free mass was lower for our subjects, which may be the reason for lower values of energy costs. In that case consideration of FFM more than weight becomes essential.
In general, energy costs for Europeans and Americans are higher than those from developing countries (Norgan et al, 1974; Bleibeg et al, 1980) . The disparity is notable especially in values of BMRaRMR. Geissler et al (1985) have reported that this could be partly due to racial differences which exist over and above the body composition and activity patterns. It is possible that populations from developing countries, which are often adapted to lower levels of nutritional intakes, may have higher ef®ciency of energy utilisation, yielding lower values for energy costs. The need for developing prediction equations separately for different populations is therefore beyond doubt. 
